I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

It is estimated that more than 90% of hepatitis B virus (HBV) infection in infants will develop chronic hepatitis,\[[@ref1]\] whereas 90--95% of acute HBV infection occurred in adulthood will recover.\[[@ref2]\] It is generally agreed in theory that the ineffective immune response may lead to the development of chronic HBV infection, which can be divided into four phases: immune tolerance, hepatitis B e antigen (HBeAg)-positive immune active, inactive carrier, and HBeAg-negative hepatitis. Compared with immune-tolerance patients, patients in immune-active phase or patients with acute hepatitis B (AHB) have obvious liver necroinflammation.\[[@ref3][@ref4]\] Numerous studies have confirmed that the severity of liver inflammation and viral clearance were closely related to specific cytotoxic T lymphocytes (CTL).\[[@ref5]\] However, the role of CD4^+^ T-helper (Th) lymphocyte cells and cytokines in the clinical pathogenesis and prognosis of the disease is not very clear. The aim of this study was to explore the differences of ratios of Th2 cells to Th1 cells and cytokine levels in acute and chronic HBV-infected patients.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

This study used anonymous data, and all participants agreed to provide their peripheral blood specimens for research. The study protocol followed the ethical guidelines of the *Declaration of Helsinki* and was approved by the Beijing Ditan Hospital Ethical Review Committee.

Participants {#sec2-2}
------------

In this prospective study, participants were consecutively enrolled from February 2014 to December 2016 in Liver Diseases Center, Beijing Ditan Hospital. The chronic HBV-infected patients in immune-tolerance and immune-active phases were diagnosed according to the guidelines,\[[@ref6][@ref7]\] AHB patients were defined as individuals who had no HBV infection 6 months before, but were positive for hepatitis B surface antigen (HBsAg), abnormal in alanine aminotransferase (ALT) levels and had an anti-HBc-IgM titer \>1:1000 or were diagnosed by liver histological examination at enrollment, and healthy individuals, who were the staff in our hospital and had no HBV infection and the other cause for liver diseases, were diagnosed according to the reported criterion (ALT \<19 U/L for female and \<30 U/L for male).\[[@ref8]\] The patients were excluded when they were co-infected with other viruses, such as hepatitis C virus, hepatitis D virus, and human immunodeficiency virus; and had other liver diseases, including alcohol liver disease, fatty liver, autoimmune liver disease, metabolic liver disease, or liver cancer; and had liver fibrosis and cirrhosis diagnosed by Fibroscan.\[[@ref9]\] All patients did not receive antiviral or liver function protective drugs at the time of research.

Serological analysis {#sec2-3}
--------------------

The parameters of liver function were measured using an automatic biochemical analyzer (7600-020, Hitachi, Japan). HBsAg, anti-HBs, HBeAg, and anti-HBe levels were measured using an Abbott Architect i2000 detection reagent (Abbott Diagnostics, Abbott Park, IL, USA). The dynamic range of HBsAg was 0.05--250 U/ml. Samples with HBsAg levels \>250 U/ml were automatically retested at a 1:500 dilution. HBsAg \<0.05 U/ml was defined as the disappearance of HBsAg. The serum HBV DNA level was quantitated with a Roche COBAS AmpliPrep/COBAS TaqMan 96 full automatic real-time fluorescence quantitative polymerase chain reaction detection reagent (with a lower limit of 20 U/ml) (Roche, Pleasanton, CA, USA).

Detection of peripheral blood T-helper cells and cytokines {#sec2-4}
----------------------------------------------------------

CD4^+^ T-cells were stained with monoclonal antibodies against CD4-FITC, CD3-PerCP, CD45RO-APC, and CD62L-PE (Becton-Dickinson, San Jose, CA, USA). To measure the expression of CD4^+^ T-cells, 100 μl of whole peripheral blood samples was incubated with 3 μl mouse anti-human CD4 (FITC), mouse anti-human CD3 (PerCP), mouse anti-human CD45RO (APC), and 5 μl mouse anti-human CD62L (PE) in the appropriate tubes at room temperature in the dark for 20 min. A total of 2 ml of FACS lysing solution (Becton-Dickinson) was added and incubated at room temperature in dark for 5 min and then the samples were centrifuged at 300 ×*g* for 5 min. The supernatant was aspirated, and 2 ml of phosphate-buffered saline (PBS) was added and vortexed gently and then centrifuged at 300 ×*g* for 5 min. The supernatant was aspirated, vortexed gently, and resuspended with 200 μl of PBS. The multicolor samples were acquired with a four-color flow cytometry (FACSCalibur Flow Cytometer, Becton-Dickinson). CD4^+^ T cells were identified as mononuclear cells that were CD3 positive and CD4 positive. CD45RO and CD62L of CD3^+^ CD4^+^ cells were measured to assess the subset of CD4^+^ T-cells. CD3^+^ CD4^+^ CD45RO^+^ CD62L^−^ represented Th1 cells and CD3^+^ CD4^+^ CD45RO^+^ CD62L^+^ represented Th2 cells.\[[@ref7]\]

Peripheral venous blood was collected, and plasma was separated and stored in a refrigerator set at −80°C for cytokine detection. Eight cytokines in the plasma were quantitatively measured by Luminex assays, including Flt3 ligand (Flt3L), interferon (IFN)-α2, IFN-γ, interleukin (IL)-10, IL-17A, IL-6, transforming growth factor (TGF) -β1, and TGF-β2. Each sample was assayed in duplicate, and cytokine standards supplied by the manufacturer were run on each plate. Data were acquired by the Luminex assay and analyzed using the FlexMap 3D analyzer (Austin, TX, USA) according to the manufacturer\'s instructions.

Statistical analysis {#sec2-5}
--------------------

The statistical analysis was performed using SPSS (version 11.5, SPSS In., Chicago, IL, USA). Serum levels of HBV DNA and HBsAg were logarithmically transformed for the analysis. Continuous variable was expressed as the mean ± standard deviation or median (Q1, Q3) and was analyzed using the Mann-Whitney *U*-test or analysis of variance. Chi-square or Fisher\'s exact tests were used for the analysis of the categorical variables. A *P* \< 0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Clinical characteristics {#sec2-6}
------------------------

A total of 125 participants were included in this study, including 65 males and 60 females aged 32.7 ± 10.3 years (range 20--74 years). There were 30 chronic HBV-infected patients in the immune-tolerant phase (IT group) and 50 chronic HBV-infected patients in the immune-active (clearance) phase (IC group), 32 AHB patients (AHB group), and 13 healthy individuals (HI group). The serum levels of HBV DNA, HBsAg, and HBeAg were significantly lower, and ALT levels were significantly higher in the IC and AHB groups than in the IT group \[[Table 1](#T1){ref-type="table"}\].

###### 

Clinical characteristics of participants

  Characteristic         IT (*n* = 30)      IC (*n* = 50)     AHB (*n* = 32)     HI (*n* = 13)   *F* or *χ*^2^   *P*
  ---------------------- ------------------ ----------------- ------------------ --------------- --------------- ---------
  Male/female, *n*       14/16              28/22             21/11              2/11            10.025\*        0.018
  Age (years)            29.87 ± 7.27       32.02 ± 7.65      38.72 ± 14.55      26.07 ± 1.93    7.196           \<0.001
  Baseline ALT (U/L)     34.44 ± 17.66      304.10 ± 268.18   1187.71 ± 858.28   10.48 ± 2.68    39.139          \<0.001
  HBV DNA (log10 U/ml)   8.11 ± 0.48        7.05 ± 1.23       4.61 ± 1.40        NA              78.576          \<0.001
  HBsAg (log10 U/ml)     4.66 ± 0.52        3.81 ± 0.69       2.55 ± 1.40        NA              41.405          \<0.001
  HBeAg (S/CO ratio)     1589.40 ± 185.33   883.07 ± 495.99   144.93 ± 344.07    NA              105.444         \<0.001

Data are shown as *n* or mean ± SD. \*: *χ*^2^. ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; S/CO: Sample/cutoff; IT: Chronic HBV-infected patients in immune-tolerance phase; IC: Chronic HBV-infected patients in immune-active phase; AHB: Acute hepatitis B patients; HI: Healthy individuals; NA: Not applicable; SD: Standard deviation.

T-helper 2/T-helper 1 ratio {#sec2-7}
---------------------------

The Th1 cell percentage and Th2/Th1 ratio in the HBV infection group (including IT, IC, and AHB groups) were significantly different from those in HI group (24.10% ± 8.66% and 1.72 ± 0.61 vs. 15.16% ± 4.34% and 2.40 ± 0.74, respectively; all *P* \< 0.001). However, there were no differences in the Th1 cell percentages and Th2/Th1 ratios among the IT, IC, and AHB groups \[[Table 2](#T2){ref-type="table"}\].

###### 

The percentages of Th cells and ratio of Th2/Th1 in patients with HBV infection and healthy individuals

  Characteristics   IT (*n* = 30)   IC (*n* = 50)   AHB (*n* = 32)   *F*     *P*     HBV-infection group\* (*n* = 112)   HI (*n* = 13)   *t*     *P*
  ----------------- --------------- --------------- ---------------- ------- ------- ----------------------------------- --------------- ------- ---------
  Th1 (%)           24.60 ± 7.54    24.07 ± 9.10    23.67 ± 9.14     1.466   0.235   24.10 ± 8.66                        15.16 ± 4.34    6.132   \<0.001
  Th2 (%)           35.19 ± 8.44    38.25 ± 8.71    38.27 ± 7.86     0.088   0.916   37.44 ± 8.44                        34.13 ± 7.62    1.346   0.181
  Th2/Th1 ratio     1.55 ± 0.58     1.77 ± 0.66     1.77 ± 0.54      1.487   0.231   1.72 ± 0.61                         2.40 ± 0.74     3.743   \<0.001

Data are shown as mean ± SD. \*IT, IC, and AHB. Th: T-helper; IT: Chronic HBV-infected patients in immune-tolerance phase; IC: Chronic HBV-infected patients in immune-active phase; AHB: Acute hepatitis B patients; HI: Healthy individuals; SD: Standard deviation.

Cytokine levels {#sec2-8}
---------------

In HBV-infected group, the median levels of Flt3L, IFN-γ, and IL-17A were significantly lower than those in HI group (29.26 pg/ml, 33.72 pg/ml, and 12.27 pg/ml vs. 108.54 pg/ml, 66.48 pg/ml, and 35.96 pg/ml, respectively; all *P* \< 0.05). IFN-α2, IL-10, and TGF-β2 median levels in hepatitis group (including AHB and IC groups) were significantly higher than those in IT group (40.14 pg/ml, 13.58 pg/ml, and 557.41 pg/ml vs. 16.74 pg/ml, 6.80 pg/ml, and 419.01 pg/ml, respectively; all *P* \< 0.05), while patients in hepatitis group had significant lower Flt3L level than that in IT group (30.77 vs. 59.96 pg/ml, *P* = 0.021). Compared with IC group, patients in AHB group had significant higher median levels of IL-10, TGF-β1, and TGF-β2 (22.77 pg/ml, 10,447.00 pg/ml, and 782.28 pg/ml vs. 8.66 pg/ml, 3755.50 pg/ml, and 482.87 pg/ml, respectively; all *P* \< 0.05) \[[Table 3](#T3){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

###### 

Cytokine levels in patients with HBV infection and healthy individuals

  Characteristics   IT (*n* = 30)                IC (*n* = 50)                AHB (*n* = 32)                   Hepatitis group\* (*n* = 82)    HBV-infection group^†^ (*n* = 112)   HI (*n* = 13)                *Z* (IT vs. hepatitis)   *P* (IT vs. hepatitis)   *Z* (IC vs. AHB)   *P* (IC vs. AHB)   *Z* (HBV-infection vs. HI)   *P* (HBV-infection vs. HI)
  ----------------- ---------------------------- ---------------------------- -------------------------------- ------------------------------- ------------------------------------ ---------------------------- ------------------------ ------------------------ ------------------ ------------------ ---------------------------- ----------------------------
  Flt3-L (pg/ml)    59.96 (29.89, 205.49)        25.45 (0.16, 83.99)          35.13 (13.35, 161.05)            30.77 (2.14, 84.13)             29.26 (0.66, 84.13)                  108.54 (30.67, 643.12)       −2.312                   0.021                    −1.21              0.226              −3.055                       0.002
  IFN-α2 (pg/ml)    16.74 (4.36, 33.18)          39.53 (20.47, 74.19)         40.14 (5.61, 84.64)              40.14 (12.94, 76.66)            23.56 (5.66, 65.42)                  15.35 (5.69, 67.64)          −2.083                   0.037                    −0.773             0.44               −0.088                       0.93
  IFN-γ (pg/ml)     45.48 (20.44, 191.01)        33.59 (9.38, 86.39)          27.13 (11.26, 50.85)             31.28 (10.01, 66.48)            33.72 (12.94, 66.48)                 66.48 (24.31, 342.43)        −1.711                   0.087                    −0.238             0.812              −2.198                       0.028
  IL-10 (pg/ml)     6.80 (3.13, 13.31)           8.66 (4.83, 19.26)           22.77 (9.28, 67.13)              13.58 (5.20, 25.34)             8.60 (3.39, 21.06)                   3.73 (2.98, 11.92)           −2.284                   0.022                    −2.535             0.011              −1.292                       0.196
  IL-17A (pg/ml)    19.34 (12.32, 68.76)         12.30 (3.23, 47.54)          14.69 (6.29, 33.23)              12.32 (4.00, 46.01)             12.27 (3.92, 39.18)                  35.96 (12.22, 272.99)        −1.864                   0.062                    −0.693             0.488              −2.826                       0.005
  IL-6 (pg/ml)      3.33 (1.45, 19.99)           2.57 (1.06, 9.99)            4.64 (2.38, 12.19)               3.76 (1.49, 10.21)              2.84 (1.26, 9.44)                    3.59 (0.69, 132.92)          −0.482                   0.63                     −1.585             0.113              −0.665                       0.506
  TGF-β1 (pg/ml)    4713.50 (3638.25, 8294.50)   3755.50 (2879.00, 7079.00)   10447.00 (4948.00, 20, 895.00)   4948.00 (2974.00, 10, 335.00)   4790 (2911, 8597)                    4842.00 (2787.50, 5635.00)   −0.252                   0.801                    −3.85              0.001              −1.162                       0.245
  TGF-β2 (pg/ml)    419.01 (311.80, 562.83)      482.87 (358.44, 751.19)      782.28 (499.84, 1424.00)         557.41 (407.85, 1035.00)        476.84 (355.05, 772.51)              440.18 (338.99, 485.87)      −2.302                   0.021                    −2.813             0.005              −1.138                       0.255

Data are presented as median (Q1, Q3). \*IC and AHB; ^†^IT, IC, and AHB. The comparisons between groups were performed with Mann-Whitney *U*-test. IT: Chronic HBV-infected patients in immune-tolerance phase; IC: Chronic HBV-infected patients in immune-active phase; AHB: Acute hepatitis B patients; HI: Healthy individuals; Flt3-L: Flt3 ligand; IFN: Interferon; IL: Interleukin; TGF: Transforming growth factor; HBV: Hepatitis B virus.

![Plasma cytokine levels were detected by the Luminex assay among patients with acute hepatitis B (*n* = 32), chronic HBV-infected patients in immune-active (*n* = 50) and tolerance phases (*n* = 30), and healthy individuals (*n* = 13). (a) Flt-3L. (b) IFN-α2. (c) IFN-γ. (d) IL-10. (e) IL-17A. (f) IL-6. (g) TGF-β1.(h) TGF-β2. AHB: Acute hepatitis B patients; IC: Chronic HBV-infected patients in immune-active phase; IT: Chronic HBV-infected patients in immune-tolerance phase; HI: Healthy individuals; Flt-3L: Flt3 ligand; IFN: Interferon; IL: Interleukin; TGF: Transforming growth factor; HBV: Hepatitis B virus.](CMJ-130-1810-g001){#F1}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

An efficient suppression of virus replication depends on a combination of innate immunity and adaptive cellular and humoral immunities.\[[@ref10]\] Hepatitis B is an immune response-mediated disease. The occurrence of hepatitis B is due to the replication of intracellular DNA, expression of viral proteins, and activation of immune cells, including natural killer (NK) cells, specific-T-cells (CD4^+^, CD8^+^), dendritic cells (DCs), and mononuclear macrophages. Liver damage is mediated directly by immune cells as while as indirectly by cytokines. Therefore, the occurrence of hepatitis after HBV infection is inseparable from the corresponding cytokine environment in the patients. In this study, the characteristics of Th2/Th1 cell ratios as well as cytokine levels were explored in patients with chronic HBV infection in immune-tolerance and immune-active phases and patients with AHB.

In our study, the levels of HBV DNA, HBsAg, HBeAg, and ALT were significantly different between the HBV-infected groups. HBV DNA, HBsAg, and HBeAg levels in IC and AHB groups were significantly lower than that in the IT group, while ALT levels were significantly higher than that in the IT group. HBsAg and HBeAg are the most important serological markers of HBV infection.\[[@ref11]\] The lower levels of HBV DNA, HBsAg, and HBeAg in the IC and AHB groups compared with those in the IT group might be the results of the liver necroinflammation and immune response to HBV.

CD4^+^ Th cells are divided into two subsets (Th1 and Th2): Th1 cells release IL-2 and IFN-γ, regulate CTL cells to exert their cytotoxic effects, and mediate cell immunity to clear viruses; Th2 cells secrete cytokines such as IL-4, IL-6, and IL-10 and regulate humoral immunity by expressing the costimulatory molecule CD40L and combining it with the B-cell surface CD40 receptor.\[[@ref12]\] Studies have shown that the Th1/Th2 imbalance and cellular immune disorders in peripheral blood may be the important reasons that lead to HBV infection that cannot be fully recovered.\[[@ref13]\] Th1 cells mainly participate in cell immunity and play an important role in thoroughly clearing viruses in the recovery period of self-resolving HBV infection, but they do not cause elevated aminotransferase.\[[@ref14]\] Although there are CD4^+^ T-cell responses in the immune-tolerant phase, the host immune response appears to be at a lower level.\[[@ref15]\] In our study, patients infected with HBV had a significantly higher Th1 level and a lower Th2/Th1 ratio than healthy individuals.

Many cytokines are involved in the development of chronic HBV infection and hepatitis. IFN-α is an important antiviral active cytokine and widely used for the treatment of chronic hepatitis B.\[[@ref16][@ref17][@ref18][@ref19][@ref20]\] IFN-γ is the most important cytokine of CTL for controlling HBV replication or eradication in a noncytolytic manner. Flt-3L is also an essential growth factor for DC and NK cell homeostasis *in vivo*,\[[@ref21]\] and as an adjuvant, it can augment humoral and cellular immune responses to the HBV DNA vaccine.\[[@ref22]\] IL-10 has inhibitory effects on pro-inflammation cytokines, it is known for sustaining HBV replication and initiating chronic HBV infection and directing fibrogenesis via inhibition of IFN-γ secretion.\[[@ref23][@ref24][@ref25]\] The pivotal function of TGF-β in the immune system is to induce tolerance via the regulation of lymphocyte proliferation, differentiation, and survival,\[[@ref26][@ref27]\] and IL-6, IL-21, and IL-1β induce the differentiation of TH17.\[[@ref28][@ref29]\] IL-17A is a proinflammatory cytokine with dual effects on the immune responses and may play an important role in the development of HBV-related liver diseases.\[[@ref30]\] The results of this study showed that Flt3L, IFN-γ, and IL-17A levels in AHB and IC groups were lower than those in the HI group. However, the levels of IL-10 and TGF-β in AHB group were significantly higher than those in IC group. These results suggest that the immune response may be subject to negative regulation in individuals with acute self-limited HBV infections at the stage of severe inflammation. It has been shown that acute HBV infection usually triggers a rapid induction of IFN-α.\[[@ref31][@ref32][@ref33]\] In our study, compared with HI group, an elevated IFN-α level was observed in patients with HBV infection, and IFN-α level was significantly enhanced in IC and AHB groups compared with patients in IT group; it might be indicated that the development of hepatitis B was associated with IFN-α level elevation. Compared with healthy individuals, IL-10 level was enhanced in patients with HBV infection, and it was significantly higher in IC and AHB groups compared with IT group. There might be a downregulated immune response to HBV mediated by IL-10 in chronic HBV infection and AHB. In HBV-infected patients, the generation of IFN-γ might be also downregulated by the elevated IL-10 level and HBV replication.\[[@ref31]\] Our result also showed that compared with IC group, patients in AHB group had significantly higher IL-10 and TGF-β levels. As an important immune downregulating cytokine, IL-10 is mainly produced by Treg cell and act as an inhibition factor for plasmacytoid DC, NK, and HBV-specific T-cells.\[[@ref34][@ref35]\] It should be noted that the immune response to HBV was further downregulated in AHB.

Several limitations should be noted in the present study: as the participants were consecutively enrolled, it was difficult to match baseline characteristics and sample size among four groups during the study, and there was a bias of age and gender among four groups. Besides, the sample size is relatively small, and the result of the present study should be further validated by well-designed studies with large sample size.

Results in our study showed that compared with healthy individual, HBV-infected patients had increased Th1 cell percentages and Th2/Th1 ratios, but no significant differences were found in the Th cell percentages and Th2/Th1 ratios among chronic HBV-infected patients in immune-tolerance phase, chronic HBV-infected patients in immune-active phase, and AHB patients. Chronic HBV-infected patients in immune-active phase or AHB patients had elevated IFN-α2, IL-10, and TGF-β2 levels than chronic HBV-infected patients in immune-tolerance phase. Moreover, AHB patients had significantly higher IL-10, TGF-β1, and TGF-β2 levels than chronic HBV-infected patients in immune-active phase.
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